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A WAVELENGTH-DIVISION-MULTIPLEXING PASSIVE OPTICAL NETWORK 
UTILIZING FIBER FAULT DETECTORS AND/OR WAVELENGTH TRACKING 

COMPONENTS 

pc. atfr APPLICATIONS 

[001] This application claims the benefit of Korean Patent Application entrtled B- 
directional wavelength-division-multiplexing passive optical network utilizing 
wavelength-locked light sources by injected incoherent light," Serial No. 2002-60868, 
filed October 7, 2002. 

FIELD u . , . 

[002] Embodiments of this invention relate to wavelength-divis.on-mult.plex.ng 
passive-optical-networks. More particularly, an aspect of an embodiment of this 
invention relates to wavelength-division-multiplexing passive-optical-networks us.ng 
fiber fault detectors and/or wavelength tracking components. 



BACKGROUND 

[003] Some wavelength-division-multiplexing-passive-optical-networks require 
precise wavelength alignment between the wavelengths of the signal from a transmitter 
in a central office to a device in a remote site distributing that signal to a subscriber. In 
a passive-optical-network, a remote node containing the signal-distributing device .s 
typically located outdoors without any electrical power supply. The transmission band 
of wavelengths of the outdoor signal-distributing device can change accord.ng to the 
variation of the external temperature. Misalignment of the wavelength between the 
transmitted signal and the operating wavelength of the device distributing the s.gnal 
introduces extra insertion loss in the signal. 

[004] A possible way to minimize the misalignment can be to use a narrow-linewidth 
distributed feedback laser diode (DFB LD) that essentially always falls within the shifting 
bandwidths of the multiplexers as an optical transmitter to satisfy the wavelength 
alignment condition. However, this arrangement may not be an economic solution 
because of the high price of each DFB LD. 

[005] Further, in systems having two or more wavelength division multiplexers 
located in different areas, misalignment of the transmission band of wavelengths 
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between the two or more wavelength division multiplexers may occur due to the 
temperature variations at these different areas. The operating transmission band of 
wavelengths of these devices can vary depending on the temperature of the dev.ce. 
[006] Complex channel selection and temperature control circuits could be 
employed to compensate for the large insertion loss in optical signals passing through 
optical multiplexer/demultiplexers located in different locations. However, the 
complexity of the channel selection circuit has the disadvantage that the complexrty of 
the circuit becomes greater and greater as the number of input ports of the crcu.t 
increases Thus, the more channels being distributed by a multiplexer/demultiplexer, 
then the more complex and expensive the channel selection and temperature control 
circuit becomes. 

SUMMARY 

[007] Various methods, systems, and apparatuses are described in which a 
passive-optical-network includes a first multiplexer/demultiplexer, a second 
multiplexer/demultiplexer, a wavelength tracking component, and a transmission 
wavelength controller. The first multiplexer/demultiplexer is located in a first location. 
The second multiplexer/demultiplexer is located in a second location remote from the 
first location. The wavelength tracking component determines the difference between 
the transmission band of wavelengths of the first multiplexer/demultiplexer and the 
second multiplexer/demultiplexer to provide a control signal to match the transm.ss.on 
band of wavelengths of the first multiplexer/demultiplexer and the second 
multiplexer/demultiplexer. The transmission wavelength controller alters an operat.ng 
parameter of the first multiplexer/demultiplexer based on the control signal to control 
the transmission band of wavelengths of the f irst multiplexer/demultiplexer. 
[008] Other features and advantages of the present invention will be apparent from 
the accompanying drawings and from the detailed description that follows below. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

[009] The present invention is illustrated by example and not limitation in the figures 
of the accompanying drawings, in which like references indicate similar elements and in 

which: 
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Figure 1 i.lus,ra.es a block diagram of an embodiment of a wavelength-dMsion- 
flexing passive^fical-nefwork using a fiber fault detector and/or wavefenglh 

— a bteck digram o, an embodiment o, a fiber ,au» de^on 
Figure 3 iiiustra.es a block diagram of an embodiment of a waveiength-d^n- 

• » network using a fiber fault detector and/or wavelength 
multiplexing passive-optocal-netwotK using o 

•^TSEl • ."usfrate a ft. diagram o, a, embedment o, the wavelength- 
division-multiplexing passive-optical-network. 

* 

DETAILEDDESCRIPTION 

moio, ,„ general, van^wa^^ 

are described. For an embodiment, a passive-optical-network includes afi«. 
muHiptexer/demnMpfexer, a second mulfiplexer/demuitiplexer, a waveteng.h tracing 
component, and a transmission wavelength controller. The first 
m „,«p,exer/demu.«plexer is located in a firs, location. The second _ 
m u ttpte xer/demnfiip.exer is loca.ed in a second location remote from the firs, locabon 
such ma.,.* emission band of wavelengms of the first and second 
n^plexer/demultiplexer may become mismatched due te changes ,n operafiona, 
rletete. The wavetength .racking component, such as a detector, de.erm,nes the 
deference between the transmission band of wavelengms of me firs, 
IZxer/demuMexer and me .ransmfcsten band o, wavelengths of the second 
llfipiexer/demulfiplexer .o pro^de a cc.ro. signaf «o match ft. .ransm,ss»n band of 
wavelengths of the first muitiptexer/demultiplexer and .he second 
Zte—plexe, The transmssion wavetength controller alters an « 
parameter of me firs. multiplexer/demultiplexer based on the con.ro. s*na. «c confrd 
: 71m.ss.on band o, wavelengths o, the firs. m ,..ptexer,demu,«p te xer. A *k -aufi 
de.ec.or may afco be , me passes opficaf network to de.ec, a defec, ,n me ^ 
pams de..venng opfica. signals to and from subscribers in fhe passtve — 
L„ Figure 1 ..lusua.es a block diagram of an embodiment of a wavelength- 
Lion-multiplexing passive-opt^l-netwo* using a fiber faufi detector and/or a 
wILgm tracking component. The 
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nelwom 100 includes a first location such as a centra. oHice, a second locafion remote 
from the first location such aa a remote node, and a plurality of subscriber .ocafions 
,00121 The example central office contains a first group of optical transmitters 101- 
103 emitting optical signals in a first band of wavelengths, a first group of optical 
receivers 104-106 to accept an optical signal in a second bahd of wavelengths, a firs 
aroup of bar* splitting filters 107-109. a wavelength-tracking component 130, a first 1xn 
bi-directional optical multiplexer/demultiplexer 1 1 2. a first optical couple, 1 1 5, a second 
optical coupler 126. a fourth band splitting filter 127, a fifth band splitting filter 132, a 
fiber fault detector 1 31 , a first broadband light source 1 14, and a second brcadband 
light source 1 1 3. 

,0013] The first optical multiplexer/demultiplexer 1 1 2 spectrally slices a first band of 
wavelengths received from the firet broadband light source 114 and demultiplexes a 
second band of wavelengths received from the second optical multiplexer/demulfiplexer 
,16 Each optical transmitter in the first group of opfical transmitters 101-103 receives 
a discrete spectrally sliced signal in the first band of wavelengths and alrgns the 
operating wavelength of that optical transmitter to the wavelengths within the recerved 
spectrally sliced signal. 

[0014] Each optical receiver in the first group of optical receivers 104-106 recerves 
a discrete demultiplexed signal in the second band of wavelengths. The first 
mulfiplexer/demultiplexer 1 1 2 couples to a first group of band splitting filters 107-m 
,00151 A band splitting filter, such as me fits, broadband splitting filler 107, splits the 
fire , band of wavelengths and the second band of wavelengms signa.s to different ports. 
Each band splitting filter 107-109 couples to a given optical transmitter in the first group 
of optical transmitters 101-103 and a given optical receiver in the firsl group of optica, 
receivers 104-106. Fo, example, the first band splitting filler 107 couples a spectrally 
sliced Signal in the first band of wavelengms to the first optical transmitter 101 . Thus, ,f 
me wavelength of an input optical signa. is in first band of wavelengths, the output 
signal from me firet band splitting filter 107 is passed to the port pa,al.el to me input 
port The firs, band splitting filter 107 couples a demultiplexed signal in the second 
band of wavelengms ,o me fits, opfical receiver 104. Thus, in me case that the 
wavelength of input signal is in me second band of wavelengms. me output port ,s, fo, 
example, orthogonal to the input direction. 
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[00161 The wavelength M*. component 130 inoludes an electee*, or opUca, 
power summing device 110 and a temperature controller 111. The 
Lee 1 10 measures me strength ot an output signal of one or more o. the opt, a, 
£H ! 104-106 to determine the deference in fhe transmission band d wavelengtes 
between the first multiplexer/demultiplexer 1 1 2 and the second 
™7 P Lr/demu^exer116. The temperafure conuofler 1 1 1 confrofs .he operafmg 

o, Ute its, optica. muldplexer/demudlplexer 1 1 2 to — e fhe strength o, 
Zetured otdpu, signa, from the opfcal receivers 1 04-1 06. When ,he,ransm,ss,on 
bandofwavelengfhsofthefirstmultlplexer/demultiplexerl^andthesecond 

l; xer/demuVor 1 16 are matched, then the strong* of the measured «r^ 
Lai from the optical recervers 104-106 * a, its maximum. The temperatute 
1, eaters an operating parameter of the. irs. muKiplexer/demu^exe,, suc^ as « 
temperature, based on the control, signal to control the transmission band of 
wavelengths of the first multiplexer/demultiplexer. 

[00171 If the measured output signal from the optical receivers 104-106 falls below 
a p Jet referent level, .hen the lemperature controller 1 1 1 starts altering he 
orating temperature of the firs, optical multiplexer/demultiplexer 1 12 ,n . H 
dLon. For example, the temperature oon«,o.ler 1 1 1 changes the opera„ng 
te mpera.ure o, the nrs, optica, mudiptexer/dentuitlplexer 1 1 2 in a higher d— 
sidy, .he temperature controller 1 1 1 could change the operating temperate of the 
firs. op.ica. muKplexer/demultiplexer 1 12 in a lower direction. The 
confer 1 1 1 measures whefher the strong* o, the op«ca, output 
me stronger of .he measured output signal Ureases, fhen the temperature oont^ler 
n ttles to mere— increase/decrease the operating temperature o, the 

Imuinplexer/demul^xer 1 12 until fhe measured ordput signal starts decrease 
[0018] in an embodiment, the firs, multiplexor/demulfipfexer 1 12 has a greater 
Lmission wavelength change ratio per degree change in * e 
second opdcal multiplexer/demuldptexer 1 16. For example, the f,rst epical 

Z»L*~*~ »^*> M - a ,ransmis * on W TT ZZl 

,„ temperature changes ten times M o. the second optical mu«ip,exer,demud,plexer 
116 Thus, if the transmission band of wavelengths of the second 
muldplexer/demultiplexer 1 1 6 changes because of a twenty degree temperature 
SSI - operating temperature o, fhe firs, optfcal mu,,ip,exer/demud,p.exer 1 1 2 
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needs merely to change by two degrees ,o ma,ch up the .-emission 

,he firs, 1 « - »• s - nd ^-»^ 6 - 

benefit of increasing <he sensiftvtty of me transmission wave,eng,hs to ,empera,urc 
changes in the second muttiplexer/demulfiplexe, 1 1 6 is that power eonsumpfion to 
match up the transmission band of wavelengths may be greatly reduced 
,00191 Thus, the multiplexed/demultiplexed transmission wavelength of the optical 
muljexar/demultlplaxe. 1 1 2. 1 16 locatad in the centra, onice and the remote node 
can be locked to each omer. The transmission band of wavelengths lockmg , . _ 
accomplished by tracking the demultiplexed wavelengfii from me remote node and then 
a^ the transmission wavelength o. the opfical mu,fiplexe,,demu«iplexe, locrted ,n 
me centra, office. The transmission band of wavelengm is aftered by, or exampfo, 
.noving me temperature o. me optical muftiplexer/demuttiplexe, in the d,,ecfion of. 
maximizing me strength of light measured at a specific port o, the optical 
multiplexer/demultiplexer located at the central office. 

,0020] A second op.*al couple, 126, such as a 2X2 optfca, coupler, exbacUa _ 
portion o, input.ou.pu, sfcna* of me central office » roule them to me 
Lector 131. A .ourth band splitting opfica, fitter 127 couples ,o me op** **' autt 
oefccfo, 131 and a firs, optica, lerminator ,29. A fifth band splttfing opfica filter 132 
couples ,o me opfica, fiber M de,eCor 1 31 and a second opfice, «erm,na or m The 
fiber fautt deleCor 131 de,ects a detect in an opficel path delivering opfica, s,gnals to 
the subscribers. 

,00211 The second optical coupler 126 injects a portion of the downstream 
multiplexed firs, band o, wavetengths and me incoheren, ligh, ,«.mme second 
broadband light source 1 13 to me fifth band epfifting opfica, fifier 1 32. The fifthband 
spwng opfica, After 132 roufcs me incoherent light in the second band o, wave^ngths 
1 me second broadband ligh, source 113 ft, me second opfica, — o, 
second opfica. terminate, 134 absorbs me posifion o, ligh, ,rom me second broadband 
,igh, source 113. The fifth band splifting opfioa, fitter 132 rou.es ,he downsfteam 
muttiplexed firs, band o, waveiengms <o me opfica, cab,e ,au„ detecfion dev,ce 131 . 
,00221 The second opfica, coupler 126 ,ou,es a reflecfion o, the downstream 
mulfjexed firs, band o, wavelengths and a portion o, fine upsfieam m*,exed signal 
,„ me second band o, wavetengms ,o ,he fourth band spfitfing opfica, fitter 127. The 
fourth band splitting opfica, fitter 127 routes me upstream multiplexed signal ,n the 
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second band of wavelengths ,o the seoond optical terminator 1 29. The seoond optica, 
tenninator 129 absorbs .he ,igh« from upstream mulfiplexed signal in me second band 
of wavelengths. The fourth band splitting optica, filter 127 routes file 
Lnslream muttiplexed firs, band of wavetongtos ,o fine opfice. cable fault detecfion 

device 131. 

,00231 The fiber fault detector 131 comperes the transmitted srgnal gorng to 
subscribers to a refiecfion of that signal. The fiber fault de.ec.or 131 compares a 
reference value to .he ralio of the reflected signal to transmitted signa, ,n order 10 
determine . a fauH, such as a broken oplfea. fiber, exists in .he opfic*, p-h gomg to «* 
subscnbers. Gener*. when defect do no, exist in .he oplic*! pa* men •» 
syslem does no. generafe a refiecfion of .he downstream mulfiplexed s*na, ,n .he M 
bind o, wavelength, Therefore. I, a refiecfion o, .he downsfream muffipfcxed *gna U, 
,he firs, band of wavelengms is de.ec.ed above a certain rafio, men tha. rnd^ee ha. . 
one lore fibers going .0 fine subscribers is broKen. The fiber faul. de.ec.or 1 31 ma, 
compensate for exttacfing difieren. pe.cen.ages of me reflected sign* lo fiansmmed 
signal wben determining me rafio of the reflected signal to .ransmified srgnal. 
,00241 The.iberfaultde.ec.or131alsoreceivesasignal.rommeopficalsumm.ng 

Lice 110. The flberfaul. detector 131 compares toe tola, power of me .ransmfiled 
signal from me subscnbers to a reference value to determine « a faul. exis.s ,n .he 
optical system. « .he totel power of toe transmitted signal from ,he subscnbers falls 
below a minimum threshold, men «ha. indioa.es ma, one or more subscribers are no 
.onger .ransmittmg an op,*al sHjna, bar* to me cen„a, office. SMany. a degraded 
,o,al power 0, me .ransmitted signal from me subscribers could indicate some ottter 
deflec, such as an abnormal insertion loss in one or more optica, components ,n me 

loSsT The example remote node contains toe seoond 1xn bl-direCional opfical 
mu wplexer/demuttiplexer116. Thesecond ixnbi-direcfional optica, 
mulfiptexer/demulfiplexer 1 1 6 connecte to me cenlral office via a smgle opfica, fiber 
128 The second 1xn optical multiplexer/demultiplexer 116 muftiplexes and 
demulfiplexes bWirecfionally both me broadband opfical signal containing the firs, band 
o, wavelengths end me broadband optical signal containing me second band o, 
wavelengms. The second 1xn opfice. mulfiplexer/demulfiplexer 116 spectrally slices 
,he second band 0, wavelengths from me seoond broadband light source 1 13. 
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,0026, Generally, mutiiplexing may be .he combining of mutiiple channels ,0, optica, 
Lormatioo into a s,ng,e opfca, signa,. Demu,,ip,e,ting may be the d,sas»mbting o, the 
sing* optical signal into multiple discrete signets containing a channel of opttcd 
"1! Jon. Spectra, *ing may be the dividing of a broad band of wavelengths ,n,o 
small periodic bands of wavelengths. 

,0027] Each example subscriber location, for example, the firs, subscnber location, 
contains a band sp,ittfng filter 117, an op,ical — er 123 to en* «M I »n 
me second band of wavelengths, and an optical receiver 1 20 to receive optical srgnals 
in the firs, band of wavelengms. The second multiplexer/demultiplexer 116.0 
demultiplex me flrs. band of wavelengms and spectrally sfice .he second and of 
wavelengttts. The second rnultiplexer/demutiiplexer sands these srgnaU, to each band 

an Ipu. Pod according to me input sfcnal band. Each optica, transmitter, such as 
me second optica, transmtter 123, receives ,he speclrally sliced eigne, in .he secon 
band of wavelenglhs and aligns He operating wavelength for ma. optica, transmit to 
me wave,engms wimin me specif sticed sign*. Each subscriber communis w*h 
central office with a different spectral slice within the second band of wavelengths. 
10028] The broedband ligh. sources 1 13, 1 14 mey be natural emission tigh. sources 
L« generate .coherent light A 2x2 optica, coup,er 1 15 operating in bom me h^, band 
o, wLengms and me second band of wave,eng,hs coup,es the 
source 1 14 and the second broadband ligh. source 1 1 3 to the smgle fiber 128. The 
optica, power directed into me flrs. broadband light source 1 14 is termmated wh,le tire 
oL power propagates afcng me optica, fiber cable so fha. each subscnber s optica, 
transmitter 123-125 gets me broadband of light sliced by the Ixn optic* 
multiplexer/demultiplexer 116 at the remote node. 

100291 The first broadband ligh. source 1 1 4, such as an amplifled-spontaneous- 
emission source, supp.ies.he flrs. band of wavelengths of Ifch. to a gfven optica, 
.ransmitter In me firs, group of optical Iransmmers 101-103 in order 1o wavelength lock 
me iransmission band of wavelengths of the, optical transmitter. Thus, the range of 
operating wav4englhs for the group of transmitters 101-103 in me centra, office ,s 
niched to me operating wave,engms of the flrsl muttiplexer/demultiplexer 112 ,n me 
contra, office via me injection of these spectra,* sliced s,gna,s ,n.o each of t ese 
transmitters in me firs, group of optical transmitters 101 -103. The wavelength lockmg of 
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the each optical transmitter to the particular spectral slice passed through the band 
splitting filter solves the large power loss on up-stream signals in the 1xn optical 
multiplexer/demultiplexer 1 12 due to the wavelength detuning depending on the 
temperature variation in the device at the remote node. In this way, the large power 
loss due to the misalignment between the wavelength of the signal from an optical 
transmitter 101-103 and the transmission band of wavelengths of the 
multiplexer/demultiplexer 112 at the central office is minimized. 
[0030] Similarly, the second broadband light source 1 1 3 supplies the second band 
of wavelengths of light to a given optical transmitter 123-125 to wavelength lock the 
transmission band of wavelengths of that optical transmitter in the second group. Thus, 
the operating wavelengths of the second group of transmitters 123-125 in the 
subscriber's local is matched to the range of operating wavelengths for the second 
multiplexer/demultiplexer 116 via the injection of these spectrally sliced signal into each 
of these transmitters in the second group of optical transmitters. The wavelength 
locking of the each optical transmitter to the particular spectral slice passed through the 
band splitting filter solves the large power loss on up-stream signals in the 1xn optical 
multiplexer/demultiplexer 1 16 due to the wavelength detuning depending on the 
temperature variation in the device at the remote node. In this way, the large power 
loss due to the misalignment between the wavelength of the signal from an optical 
transmitter 123-125 and the transmission band of wavelengths of the 
multiplexer/demultiplexer 1 1 6 at the remote node is minimized. 
[0031] Analogously, as described above, the wavelength-tracking component 130 
matches the transmission band of wavelengths of the first multiplexer/demultiplexer 1 1 2 
to the transmission band of wavelengths of a second multiplexer/demultiplexer 116. 
The wavelength-tracking component measures the strength of the output signal 
received from the optical receivers 1 04-1 06 at central office after the second band of 
wavelengths passes through the first multiplexer/demultiplexer 112. The wavelength- 
tracking component measures the strength of a particular receiver or an average output 
power of a group of receivers. The temperature controller 1 1 1 may vary the operating 
temperature of the first multiplexer/demultiplexer 1 12 to achieve substantially a 
maximum power output of the power combiner 110. The maximum power output of the 
power combiner 110 represents substantially the best match of transmission band of 
wavelengths for both multiplexer/demultiplexers 1 1 2, 1 1 6. The temperature controller 
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11 1 acts to control .he transmission wavelengths of the passband lor each channel of 
the first multiplexer/demultiplexer 1 12. 

,0032] For an embodiment, the transmission wavelength controller to control the 
transmission wavelengths of the passband for each channel of the first 
muftiplexer/demulfiplexer 1 1 2 may be a strain controller, voltage controller, a 
temperature controller, or other similar device. The transmission wavelength on.ro, er 
alters an operating parameter of the firs. muKiplexer/demultiplexer baaed on the control 
signal to control the transmission band of wavelengths of the first 

i 

multiplexer/demultiplexer. 

,0033] For an embodiment, an opUcal-passive-network consists of non-power 
supplied passive optical devices w«hou. any acfive devices between the centra, office 
andUa, subscribers. The topology soucture of the optica, dis.dbu.fcn network may 



be a star topology that has the remote node wim an optica. muftiplexer/demulfiplexer 
placed near Uie subscnbers, and plays a role to relay communications with the centra, 
office through a s,ngle optical fiber and to distribute signals to and from each of the 
subscnbers through their own optical fiber. The second mulfiplexer/demuftiptexer may 
be in a remote location such that the ambient conditions differ enough from the 
environment of the first mulfiplexer/demultiplexer to substanfialfy alter the transmss.on 
band of wavelengths of the second multiplexer/demultiplexer when matched to the 
transmission band of wavelengths of the first multiplexer/demultiplexer. 
ro0341 As discussed, the wavelength-division-muHiplexing passive^fical-network 
100 may use different wavelength bands in downstream signals, such as the firs, band 
o, wavelengths, and up-s„eam signals, such as ,he second band of wavelengths. V» 
down-stream signals may represent the signals from optica, transmitters 101-103 ,n the 
central office to the subscdbera and the up-stream signals may reprasent me s,gnals 
„om optical transmitters 123-125 in the subscdbera to the central office. The 
wavelengths of the down-stream signals may be, for example, X1 , X2,.. Xn and the 
upstream signals would be X1 •. tt\ W M oarried in a different band of wavelengths, 
where X1 and X1 • are separated by the free spectral range of the 
multiplexer/demultiplexer. 

,0035] AS discussed, the 1xn optical multiptexer/demufiiplexer 1 16 has the function 
mat an optical signal from a port in the left side is demuftlplexed to the n number of 
pons in the right side. Further, the optical signals from the n-ports in the righ. side are 
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multiplexed to e pott in the left side simultaneously. The Ixn optical 
I 2exerfd.tlp.exer 1 1 S speotral, spfices the seoond hand o, waving** • 
Low speotral widths o. wavelengttts. Beoause the optica. mu l.iplexer/dernu«,plexer 
can be operated on more than two hands of wavelengths, the bi-directionally 
propagated up-stream signals and down-stream signals in different bands can be 
muttiplexed and demultiplexed a. the same time. Each o, the bands of wavelengttts 
operated on by the optical multiplexer/demultiplexer may be offset by one or more 
intervals of the free spectral range of the optical mulfiplexer/demultiplexer. , 
,0036] Each optica, transmitter may be directly modulated by, for example electncal 
current modulation to embed informal onto the spe* wavelength transmuted by 
«,a« optical transmitter. For an embodiment, one or more of the optica, ttansm*** 
may I a Fab-y-Pero. semiconductor laser ma, are injected with the spectrum-slced 
brc lband incoherent light from an amp.i.ied.sp^neous-em.sion light soumaFor 
an embodiment, one or more of the optical transmitters may be a wavelength-seeded 
reflective semiconductor optical amplifier (SOA). One or more of the opt,cal 
transmitters support high bit-rate modulation and long-distance transmisston. A 

SOA may also as ac, as the modulation device. The opfical .ran— may 
EL—, wavelengtt, locked using wavelengfh seeding, provide sfcna, ga,n for the 
wavelengths within the spectta. slica and incraase the exaction ratio between the 
injected wavelengths and wavelengths outside the spectral shoe. 
,00371 For an embodiment, a broadband light source may be a light source based 
on semfconductor optica, amplif y, a light source based on -are-earth kxvdoped 
optical fiber amplifiers, a light emitting diode, or similar device. The broadband „gh. 
Tule may provide light with any Kind of character such as coherent or incoherent 

SSoi For an embodiment, an optical multiplexer/demultiplexer can be achieved by 
an arrayed waveguide grating including an integrated waveguide grating, a dev.ee us,ng 
thin-film filters, a diffraction grating, or similar device. The optical 
muttiptexer/demulfiplexer can also be a dielectric interference filter or s,m,,ar devxe. 
II For an embodiment, wavelengfit tracking between mufiiplexer/demultiplexers 
minimizes the loss of a portion of a signal because of the <*°^«* 
multiplexer/demultiplexer to pass only wavelengths within a set channel passband. The 
wavelength tracking of the operating wavelengths of both of the 
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multiplexer/demultiplexers assists in minimizing due to wavelength misaiignment 
between these devices. 

[0040) For an embodiment, the first band of wavelengths may be a standard band 
of wavelengths designated for telecommunications, suoh as the C band 1525-1560 
nanometers. The seoond band of wavelengths may be a standard band of wavelengths 
designated for telecommunications that differs from the standard band of wavelengths 
designated for teleoommunioations being used by the first band of wavelengths, such 
as the L band 1 570-f 620nanometers. 

[00411 Alternatively, the second band of wavelengths may be a band of 
wavelengths having a speotral separation of between 5-100 nanometers apart from a 
peak wavelength of the first band of wavelengths. The spectral separation between the 
first band of wavelengths and the second band of wavelengms should be great enough 
to prevent the occurrence of interference between the filtered spectrally sliced 
downstream signal to a subscriber and the filtered upstream signal from that subscriber. 
[00421 Figure 2 illustrates a block diagram of an embodiment of a fiber fault 
detector. The fiber fault detector 231 may Include photc-detectors 251 . 252, lowpass 
filters 253, 254, 258, a divider 255, and comparafots 256,257. 
[00431 As described above, the NxN optical coupler (not shown), such as a 2x2 
optical coupler, routes a portion of the transmitted signal going to subscribers to fits 
fiber fault detector 231 and the same percentage portion of any reflection of that 
transmitted signal to the fiber fault detector 231 . Band splitting fitter 232 separates the 
portion of the transmitted signal going to subscribers from wavelengths of hght not 
being monitored. Band splitting filter 227 separates the portion of the reflected 
transmitted signal coming from subscribers from wavelengths of light no. bemg 
monitored. The photc-detectora 251 , 252 convert the incoming optical signals into 
electric signals. The firs, photo-detector 251 converts and passes the reflection of the 
transmitted signal through a tow pass filter 253 to the divkler 255. The second photo- 
detector 252 converts and passes the portion of the transmitted signal through a tow 
pass filter 254 to the divider 255. 

[00441 The divider 255 divides the value of the two photo-detectors 251 , 252 to 
check the return loss at the optical cable 1 28. The comparator 256 compares the 
output value of the divider 255 to a first reference value. The comparator 256 
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generates a warning signal indicating an optical cable fault with abnormal return loss if 
the output value of the divider 255 is higher than the reference value of V1 260. 
[0045] The second comparator 257 compares the output value of the optical 
summer 210 to a second reference value 262. Note, the output value of the optical 
summer 21 0 is in inverse proportion to the insertion loss of the optical cable. 
Therefore, the second comparator 257 generates a warning signal indicating optical 
cable fault with abnormal insertion loss if the output value of the optical summer 210 is 
lower than the second reference value of V2 262. 

[0046] Figure 3 illustrates a block diagram of an embodiment of a wavelength- 
division-multiplexing passive-optical-network using a fiber fault detector and/or a 
wavelength tracking component. 

[0047] The example central office contains a first group of optical transmitters 301- 
303 emitting optical signals in a first band of wavelengths, a first group of optical 
receivers 304-306 to accept an optical signal in a second band of wavelengths, a first 
group of band splitting filters 307-309, a wavelength-tracking component 330, a first bi- 
directional optical multiplexer/demultiplexer 312, a first optical coupler 315, a second 
optical coupler 326, a fourth band splitting filter 327, a fifth band splitting filter 332, a 
fiber fault detector 331 , an oscillator 369, a first broadband light source 31 4, and a 
second broadband light source 31 3. The first bi-directional optical 
multiplexer/demultiplexer 312 may have as many ports as there are subscribers plus 

one. 

[0048] The example remote node includes a second bi-directional optical 
multiplexer/demultiplexer 31 6 and a mirror 367 coupled to the second 
multiplexer/demultiplexer 316. The second bi-directional optical 
multiplexer/demultiplexer 316 may have as many ports as there are subscribers plus 

one. 

[0049] The oscillator 369 amplitude modulates the second broadband light source 
313 at a known frequency to generate a modulated second band of wavelengths. The 
mirror 367 reflects a portion of the second band of wavelengths, such as a spectral 
slice narrow band signal, to the wavelength tracking component 330. The wavelength 
tracking component 330 couples to the first multiplexer/demultiplexer 312 such that the 
reflected signal has traveled through both multiplexer/demultiplexers 312, 316. The 
second multiplexer/demultiplexer 316 multiplexes light reflected by the mirror 367 along 
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with the upstream signal from the optical subscribers and it is demultiplexed by the first 
multiplxer/demultiplxer 312. The demultiplxed signal is inputted to the lock-in detector 
372. 

[0050] The wavelength tracking component 330 measures the difference in the 
transmission band of wavelengths between the first multiplexer/demultiplexer 312 and 
the second multiplexer/demultiplexer 316 based upon a change detected in the 
reflected portion of the modulated second band of wavelengths. The wavelength 
tracking component 330 may compare the known frequency and the phase of the 
oscillator 369 to the frequency and phase of the reflected signal to determine the 
temperature difference between the first multiplexer/demultiplexer 312 and the second 
multiplexer/demultiplexer 316. 

[0051 ] For example, if the phase of the reflected signal has shifted forward in time 
than that indicates an increase occurred in the operating temperature of the 
temperature of the second optical multiplexer/demultiplexer 316. Accordingly, the 
temperature controller 31 1 then acts to increase the operating temperature of the first 
multiplexer/demultiplexer 312 to match up transmission band of wavelengths between 
the first multiplexer/demultiplexer 312 and the second multiplexer/demultiplexer 316. 
[0052] For an embodiment, the lock-in detector 372 establishes the amplitude of the 
reflected modulated signal. The lock-in detector 372 compares the reflected modulated 
signal to a reference signal to determine when to activate the temperature controller 
31 1 . Also, the wavelength tracking between the first and second 
multiplexer/demultiplexers 312, 316 may be accomplished without a mirror 367. The 
wavelength tracking component 330 may measure the difference in the transmission 
band of wavelengths between the first multiplexer/demultiplexer 312 and the second 
multiplexer/demultiplexer 316 based upon a change detected in the transmitted signal 
from a subscriber derived from the modulated second band of wavelengths. 
[0053] The output signal of the lock-in detector 372 is in inverse proportion to the 
insertion loss of a particular optical cable to a subscriber or the optical cable from the 
remote mode. The output signal of the lock-in detector 372 couples to the fiber fault 
detector 331 to detect an optical cable fault that causes abnormal insertion loss. For an 
embodiment, the reference values of the various reference signals may be set after all 
of the connections are determined to be working properly. 
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[0054] Figures 4a and 4b illustrate a flow diagram of an embodiment of the 
wavelength-division-multiplexing passive-optical-network. For an embodiment, the 
passive-optical-network passes upstream and down-stream signals between a first 
location and a second location remote from the first location. 
[0055] In block 402, the passive-optical-network supplies an optical signal 
containing a first band of wavelengths to a first multiplexer/demultiplexer from a source 
such as an amplified-spontaneous-emission light source. 

[0056] In block 404, the passive-optical-network spectrum slices the first broadband 
of wavelengths with the first multiplexer/demultiplexer. 

[0057] In block 406, the passive-optical-network supplies the spectrally sliced 
wavelengths to a first group of optical transmitters in order to control the transmission 
output wavelength in the first band of wavelengths that is generated by one or more 
optical transmitters in the first group. Each optical transmitter self-aligns the operating 
wavelength of that optical transmitter to the wavelengths within a spectral slice received 
from the first multiplexer/demultiplexer. 

[0058] For an embodiment, the transmitters in a first location, such as a supervisory 
node, generate the down-stream signals. The downstream signals pass through its 
band splitting filter. The 1xn optical multiplexer/demultiplexer in the supervisory node 
wavelength-division multiplexes the down stream signals. An nxn optical coupler splits 
those downstream signals. The signals forced into the first broadband light source are 
terminated, while the other signals are bound for each optical subscriber after being 
demultiplexed by the 1xn optical multiplexer/demultiplexer located at the remote node. 
At the subscriber side, the signals are passed through band splitting filters and reach 
the optical receivers. 

[0059] In block 408, the passive-optical-network supplies a broadband optical signal 
containing a second band of wavelengths to a second multiplexer/demultiplexer. 
[0060] In block 410, the passive-optical-network spectrally slices the second 
broadband of wavelengths with the second multiplexer/demultiplexer. 
[0061] In block 412, the passive-optical-network supplies the spectrally sliced 
wavelengths to a second group of optical transmitters in order to control the 
transmission output wavelength in the second band of wavelengths that is generated by 
one or more optical transmitters in the second group. Each optical transmitter self- 
aligns the operating wavelength of that optical transmitter to the wavelengths within a 
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spectral slice received from the second multiplexer/demultiplexer. The first 
multiplexer/demultiplexer may be located in a first location such as supervisory node 
and the second multiplexer/demultiplexer may be located in a second location remote 
from the first location, such as a remote node. 

[0062] For an embodiment, the upstream-signals depart from the optical 
transmitters in the subscriber side, pass through band splitting filters and are 
multiplexed by a 1xn optical multiplexer/demultiplexer at the remote node. The nxn 
optical coupler splits the multiplexed signals after passing through the optical fiber 
cable. The upstream signals split into the second broadband light source are 
terminated, while the other up-stream signals continue to propagate to optical receivers 
at the supervisory node via a 1xn optical multiplexer/demultiplexer. 
[0063] In block 41 4, the passive-optical-network tracks the optical power of the 
second band of wavelengths received at the first location after passing through the first 
multiplexer/demultiplexer and adjusts the transmission band of wavelengths passed by 
the first multiplexer/demultiplexer based upon achieving substantially maximum power 
for that second band of wavelengths. 

[0064] In block 41 6, the passive-optical-network uses a nxn coupler to extract a 
portion of the optical signal having a first band of wavelengths going to subscribers. 
[0065] In block 418, the passive-optical-network filters out wavelengths not in the 
first band of wavelengths and delivers the optical signal having the first band of 
wavelengths to a fiber fault detector. 

[0066] In block 420, the passive-optical-network routs a portion of a reflection of the 
optical signal having the first band of wavelengths, if one exists, to the fiber fault ■ 
detector. 

[0067] In block 422, the passive-optical-network compares the portion of the optical 

signal having the first band of wavelengths to the portion of the reflection of that signal 

to determine if a fault exists in the optical path going to the subscribers. 

[0068] Note, the specific numeric reference should not be interpreted as a literal 

sequential order but rather interpreted that the first band of wavelength is different than 

a second band of wavelengths. Thus, the specific details set forth are merely 

exemplary. 

[0069] Some additional embodiments may include: a single device may provide the 
function of both the first broadband light source and the second broadband light source; 
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the WDM PON may use more than two different bands of wavelengths; each 
multiplexer/demultiplexer may be an athermal arrayed waveguide grating; each receiver 
may compare it's the strength the received signal to a reference value and 
communicate with the fault detector if that received signal falls below the reference 
value, each multiplexer/demultiplexer may merely divide an input light signal rather than 
spectrally slice the input light signal; more than one remote node may exist; an optical 
transmitter may be operated continuous wave and modulated by an external modulator, 
etc. 

[0070] In the forgoing specification, the invention has been described with reference 
to specific exemplary embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader 
spirit and scope of the invention as set fourth in the appended claims. The specification 
and drawings are, accordingly, to be regarded in an illustration rather then a restrictive 
sense. 
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